Abstract Copper-free, Pd/C-catalyzed, one-pot reaction of 2,3-dichloroquinoxaline with hydrazine hydrate, bromine, phenylacetylene, and a variety of aldehydes provides an efficient and direct method for the preparation of 1-aryl-4-(2-phenylethynyl)[1,2,4]triazolo [4,3-a]quinoxalines in water at 70°C. This methodology involves the use of inexpensive reagents or catalysts, and thus permits a new and practical access to triazolo [4,3-a]quinoxalines.
Introduction
Quinoxaline and its derivatives show a broad spectrum of biological activities including anti-tumor [1] , anti-viral [2] , anti-tuberculosis [3] , and anti-inflammatory [4] activities, and, hence, are an important class of nitrogen-containing heterocycles, and useful intermediates in organic synthesis [5] . Furthermore, triazolo [4,3-a] quinoxalines have been shown to be potent and selective adenosine receptor ligands [6] .
The Sonogashira reaction catalyzed by palladium and copper is a powerful and straightforward method for the construction of arylated internal alkyne compounds [7] [8] [9] . These are important intermediates in organic synthesis and for the preparation of natural products [10] , biologically active molecules [11] , molecular electronics [12] , and polymers [13] .
Typically, these coupling-cyclization reactions are carried out using a palladium catalyst [e.g., Pd(PPh 3 ) 4 , (PPh 3 ) 2 PdCl 2 , etc.] and a copper salt as the co-catalyst in the presence of an amine base. The use of palladium on charcoal as a catalytic system for the efficient Sonogashira coupling of aryl halides with terminal alkynes has also been reported [14] [15] [16] [17] . Compared to the frequently used expensive palladium catalysts [e.g., Pd(PPh 3 ) 4 , (PPh 3 ) 2 PdCl 2 , etc.], Pd/C-based methods have an economic advantage, and, hence, remain attractive for large or industrial scale preparations.
In recent years, a variety of modifications have been reported for this reaction, and significant progress has been made [18] [19] [20] [21] [22] . The most important modification is the elimination of the copper salt [23] [24] [25] [26] [27] since it can induce Glaser-type homocoupling of terminal alkynes in the presence of oxidants or air [28] [29] [30] . One of the powerful tools used to combine economic aspects with the environmental concerns is performing organic reactions in water; this strategy consists of two or more synthetic steps, which are carried out in water as a cheap, nontoxic, and environmentally friendly solvent, in a one-step reaction, without isolation of any intermediate, thus reducing time, and saving money, energy, and raw materials [31] [32] [33] . Several examples of Pd-catalyzed Sonogashira reactions in aqueous media have been reported [34] [35] [36] [37] .
Recently, our group has prepared pyrrolo [2,3-b] quinoxaline derivatives under mild conditions in one-pot reactions catalyzed by Pd-Cu [38] [39] [40] . We attempted to make this overall approach more attractive synthetically by examining the preparation of triazolo [4,3-a] quinoxalines using a one-pot reaction of 2,3-dichloroquinoxaline, hydrazine, aldehydes, bromine, and phenylacetylene catalyzed by Pd/C without the use of copper as a co-catalyst in water. 
Results and discussion
We reported the synthesis of new derivatives of triazolo [4,3-a] quinoxalines via 10 % palladium/charcoal activated (Merck catalyst) catalyzed one-pot reaction of 2,3-dichloroquinoxaline, hydrazine, a suitable aldehyde, bromine, and phenylacetylene at 70°C by employing water as the reaction medium. The use of water as a reaction medium represents remarkable benefits since this green solvent is highly polar and, therefore, immiscible with most organic compounds; moreover, the water-soluble by-products reside, and separation of the organic materials is thus easy.
Retrosynthetic analysis indicated that the desired 1-aryl-4-(2-phenylethynyl) [1, 2, 4] triazolo [4,3-a] quinoxalines can also be synthesized from 2,3-dichloroquinoxaline, hydrazine, a suitable aldehyde, and phenylacetylene as the starting materials (Scheme 1).
For optimization of the reaction conditions, we studied the effect of various reaction parameters including the base, palladium catalyst, and temperature on the outcome of the copper-free reaction of 2,3-dichloroquinoxaline (1 equiv.) with hydrazine hydrate (2 equiv.), benzaldehyde (1 equiv.), bromine (1 equiv.), and phenylacetylene (1 equiv.) in the presence of 10 % Pd/C (5 mol %) and K 2 CO 3 (2 equiv.) in water at 70°C ( Table 1) .
The reaction was influenced significantly by the base employed. It worked very well when inorganic bases such as K 2 CO 3 and KOH were used (entries 2 and 3), with the best result obtained in the case of potassium carbonate. Two of the organic bases used, triethylamine and piperidine, also gave good yields (entries 5 and 8). It was found that while PdCl 2 (PPh 3 ) 2 , PdCl 2 /PPh 3 , PdCl 2 , and Pd 2 (dba) 3 ÁCHCl 3 all catalyzed the reaction without the aid of any surfactant (entries 9-12), 10 % Pd/C turned out to be the best catalyst in terms of yields (entry 2). When the catalyst loading was decreased to 3 mol %, the yield of 4a was 55 % (entry 13). Increasing the amount of palladium catalyst did not increase the yield (entry 14). Decreasing the temperature to 25°C caused the yield to decrease to 35 % (entry 15).
In order to examine the scope of this reaction, compound 1 was reacted with hydrazine, various aldehydes 2, bromine, and phenylacetylene in water at 70°C to triazolo [4,3-a] quinoxalines in moderate to good yields (Table 2) . When the less reactive acetylene, 1-hexyne, 1-octyne, and propargyl alcohol were used, Sonogashira coupling could not be achieved. The reactions were carried out under an argon atmosphere, and water was degassed prior to use.
Mechanistically, the formation of triazolo [4,3- 
Conclusion
In conclusion, the chemistry outlined here provides a simple, efficient, clean, and straightforward method for the synthesis of triazolo [4,3-a] quinoxaline derivatives via the copper-free, Pd/C-catalyzed reaction of readily available dichloroquinoxaline with hydrazine, bromine, phenylacetylene, and a variety of aldehydes in water. This methodology does not involve the use of expensive reagents or catalysts, and thus permits a new and practical access to triazolo [4,3-a] quinoxalines.
Experimental
All the compounds (phenylacetylene, aldehydes, Pd/C) were obtained from Merck. The reagents used were purchased from commercial suppliers, and used without further purification. Merck silica gel 60 was used for chromatography (230-400 mesh). The IR spectra were obtained as KBr pellets in the range of 400-4,000 cm -1 on a Shimadzu Model 460 spectrophotometer.
1 H NMR spectra were recorded at 400 MHz, and 13 C NMR spectra were recorded at 100 MHz in DMSO-d 6 , and 276 mg K 2 CO 3 (2.0 mmol) were added, and the resulting solution was heated at 70°C for 12 h, and then cooled to room temperature. The reaction mixture was filtered, and the filtrate was concentrated in vacuo. The residue was purified by chromatography, eluting with CHCl 3 /CH 3 OH (98:2) to afford the pure product (Table 2) . 
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Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
